Fabrication of crystallographically well-defined thin films of topological materials is important for unraveling their mesoscale quantum properties and for device applications. Mn3Ge, an antiferromagnetic Weyl semimetal with a chiral spin texture on a Kagome lattice, is expected to have enhanced Berry curvature around Weyl nodes near the Fermi energy, leading to large anomalous Hall / Nernst effects and spin-Hall effect in transport. Using magnetron sputtering, we have grown epitaxial thin films of hexagonal D019 Mn3Ge that are highly crystalline, flat and continuous. Large anomalous Nernst and inverse spin-Hall effects are observed in thermoelectric and spin pumping devices. The anomalous Nernst coefficient in the Mn3Ge films is estimated to be 0.1 μV/K, and is comparable to that of Fe, despite Mn3Ge having a weak magnetization of ~ 0.003 μB / Mn atom. The spin mixing conductance and spin-Hall angle in Mn3Ge are estimated to be 3.5 and 7 times of those in Pt, respectively.
The recent discoveries of topological properties in layered Kagome semimetals such as Mn3X (X = Sn [1] [2] [3] [4] [5] , Ge [4 -6] ), Fe3Sn2 [7, 8] and Co3Sn2S2 [9 -11] have attracted broad interests in these materials. Due to breaking of time reversal symmetry, spin degeneracy is lifted, and pairs of Weyl nodes are generated in reciprocal space according to glide mirror plane symmetry in Mn3X [4] . Giant anomalies in Hall resistance and Nernst coefficient which are comparable with those of ferromagnetic materials have been reported [1, 3] . These anomalies are attributed to the non-zero Berry phase gained around Weyl nodes and the effects are similar to applying fictitious filed of ~ 100 T [2, 12] . Theoretical calculations also indicate large spin-Hall angles in these materials [13] , which is useful for antiferromagnetic spintronics. Inverse spin-Hall effect [14] as well as large magneto-optical Kerr effect [15] have been measured which has same origin as anomalies in transport.
The hexagonal D019 phase of Mn3Ge has a layered Kagome structure and is antiferromagnetic with a geometrically frustrated 120° triangular magnetic structure all the way to low temperatures. As a Weyl semimetal, Mn3Ge has many more Weyl points near the Fermi surface than the closely related Mn3Sn, presumably due to lower spin-orbit coupling. The magnetic structure in Mn3Ge is different from that of Mn3Sn, and this results in a different mirror symmetry as well as different positions of Weyl nodes in Brillouin zone [4] . Topological properties in Mn3Ge has been investigated by transport [6] and most of these works are performed on bulk samples [16] . Thin films offer the possibility of tuning topological phases with strain, proximity effects and gating, and are well suited for exploration of fundamental mesoscopic transport properties and device applications. Therefore, synthesis of crystallographically well-defined Mn3Ge thin film is of great interest. Previous growth of Mn3Sn [18] suggest this high surface energy material tends to have wetting issue and is discontinuous after growth. Here, we find that continuous epitaxial Mn3Ge films can be successfully grown by magnetron sputtering onto Ru-buffered sapphire (0001) substrate at high rate and lower temperature. Mn and Ge were co-sputtered from elemental sources. Their atomic fluxes were measured in situ using a quartz crystal microbalance (QCM) which had been calibrated using x-ray reflectivity measurements. To determine the optimal growth conditions, we varied the Mn-to-Ge flux ratio and analyzed the composition of the resulting films using Rutherford backscattering spectrometry (RBS).
Remarkably, the formation of (0001)-oriented single- peaks is close to the calculated value based on the structure factor [22] . Since atomic disorder in the unit cell leads to deviations from the ideal structure, the agreement between the intensity ratios suggest that there is good atomic ordering in the Mn3Ge films. As will be seen later, defects and grain boundaries also have implications for the reversal of antiferromagnetic domains in the Mn3Ge films. In Fig. 1(d Although the hexagonal D019 Mn3Ge has a triangular antiferromagnetic structure, it possesses a weak in-plane ferromagnetic moment arising from spin canting toward the local easy axis [23] . In bulk Mn3Ge single crystals, the ferromagnetic moment amounts to 0.006 -0.008 B/Mn at temperatures between 5 and 300 K, and it is noted that this in-plane moment is essential for controlling chirality of the spin structure via applied magnetic field [6, 16] . Shown in Fig. 2(a) is the magnetic field dependence of the inplane magnetization of a 100 nm Mn3Ge film measured at various temperatures using SQUID magnetometry, after subtracting linear diamagnetic background contribution from substrate. There is a net ferromagnetic moment that increases with decreasing temperature. The ferromagnetic magnetization of the Mn3Ge film is ~ 0.003 μB / Mn at room temperature, which is close to that of the bulk. The coercive field for switching the ferromagnetic moment is as small as ~ 0.06 T at 300 K and is not very temperature dependent. In Fig. 2 (b) , we present the hysteresis loop of a Mn3Ge (100nm)/Py(10nm) bilayer structure measured at 10 K after cooling from room temperature in a 1-T in-plane magnetic field. The loop is shifted in the negative field direction by ~75 Oe. Given that the triangular spin structure is not expected to have appreciable in-plane magnetic anisotropy, and that the coercivity of the bilayer (HC = 255 Oe) is significantly larger than that of a single Py layer (typically less than a few Oe), the occurrence of exchange bias suggests that the antiferromagnetic domains in the Mn3Ge layer are pinned, possibly by defects and grain boundaries. that is perpendicular to the c-axis [6, 12] . The c-axis oriented Mn3Ge films are well suited for integration into a thermoelectric device to probe the Berry curvature-driven ANE. On a device shown schematically in Fig.3 (a) , we applied an out-of-plane thermal gradient via a patterned Au on-chip heater, and an in-plane magnetic field perpendicular to the Mn3Ge stripe. The ANE signal was detected as a voltage T. This is significantly greater than the coercivity of 20 to 300 Oe for switching AHE in single crystals Mn3Ge [6, 16] . The difference is attributable to the larger number of defects and grain boundaries in the Mn3Ge thin films. Although the chiral antiferromagnetic domain in Mn3Ge can nucleate reversal easily, the antiferromagnetic domain walls in thin films could become pinned and increasingly larger fields are then needed to free the domain wall from pinning sites of various strengths. The saturation Sij = 0.1 μV/K measured in our Mn3Ge epitaxial thin film is similar to the ~ 0.3 μV/K value for that of single-crystal Mn3Sn [3] , and is also comparable to the Sij = 0.4 μV/K for Fe measured in an identically micro-fabricated reference device.
Owing to the large spin-Hall conductivity that has been theoretically predicted for Mn3Ge [13] , a strong spin-to-charge conversion may be expected when a spin current is injected into Mn3Ge. We employed ferromagnetic resonance-spin pumping (FMR-SP) to measure the inverse spin-Hall effect (ISHE) in the epitaxial Mn3Ge films. The inset of Fig. 4(a) shows a device image and the measurement schematic: On a 1000μm×200μm bar of Py/ Mn3Ge bilayer film, an electrically-isolated coplanar waveguide (CPW) was patterned along the Mn3Ge [11 ̅ 00] direction and terminated with a 50W resistive load. Microwave excitations with varying frequencies (7 -18 GHz) and power (12 -18 dBm) were applied to the CPW to drive magnetization precession in the Py layer. An external magnetic field was applied parallel to the CPW axis and was swept through ferromagnetic resonance. The spin-to-charge conversion due to ISHE was detected. magnetization precession in Py [25] , along with a constant offset. By fitting the Vsp spectra with symmetric and antisymmetric kernels of the Lorentzian form, we can extract the and contributions. Shown in Fig. 4(b [25] . In the inset of Fig. 4(b 
